v. E. ALATORTSEV AND OTHERS succinate, folate, cysteine and glutathione. Foetal bovine serum (Gibco-Biocult) was added to all cultures except 67j25D-G. The G2 cells were grown in Schneider's medium for Drosophila cell culture (Schneider & Blumenthal, 1978) .
Isolation of nucleic acids. Nucleic acids of cells were labelled with 3H-thymidine (The
Radiochemical Centre, Amersham; 21 Ci/mmol), or with 3H-uridine (L.I.E., Institute of Molecular Genetics, U.S.S.R. Academy of Sciences; 16-8 Ci/mmol). The label was introduced in Concentrations of 25 to 50 gCi/ml for 12 to 28 h. To inhibit host cell RNA synthesis, actinomycin D (Serva, Heidelberg, F.R.G.) was added to the culture medium at a concentration of 5 gg/ml 15 min before the introduction of 3H-uridine. On the 4th to 7th days after passage the cells were washed offPetri dishes with medium, centrifuged for 5 min at 1000 g and resuspended in 0-3 M-NaCI, 50 mM-EDTA pH 7. Up to 2% SDS was added to the suspension (10 s cells/ml) and the cell lysate was mixed for 10 min with an equal volume of water-saturated phenol pH 6. After 20 min centrifugation at 5000 g, the water phase was taken off and deproteinization was repeated until the intermediate protein layer disappeared. Then, a 2.5-fold vol. of ethanol was added to the water phase obtained after the final deproteinization. The nucleic acids were pelleted by centrifugation for 20 min at 5000 g and then dissolved in the required buffer.
Nuclease treatment. DNase (Worthington) treatment (100 gg/ml) was carried out in a buffer containing 50 mM-NaC1, 5 mM-magnesium acetate, 1 mM-dithiothreitol, 10 mMtris-HC1 pH 8 for 30 min at 37 °C. Treatment with pancreatic RNase (Reanal, Hungary), 20 or 200 gg/ml, was carried out in 0.3 M-NaCI, 0.1 M-EDTA for 1 h at 37 °C. The concentration of nucleic acids was approximately 100 gg/ml in both cases.
Extraction and purification of virus.
The cells from line 67j25D-G were centrifuged for 5 min at 1000 g and washed with physiological saline. The pellet was resuspended (5 × 108 cells/ml) in 50 mM-tris-HC1 pHi7.4, 5 mM-MgC12 and 1 to 2% Triton X-100. For more effective destruction, the cells were homogenized in a Potter's homogenizer at 4 °C. The effectiveness of cell destruction was observed microscopically. The nuclei and cell debris were pelleted for 25 min at 5000 g and the cytoplasmic extract layered on to a linear sucrose gradient 15 to 40% (w/v) in 10 mu-tris-HC1 pH 7.4. A CsCI solution in 10 mu-tris-HCl pH 7-4 with a density of 1.75 g/ml was layered beneath the sucrose gradient. Centrifugation was for 3 h at 55000 g at 4 °C. The amount and composition of nucleic acids in the various fractions were established by electrophoresis. The fractions enriched with viral nucleic acids were collected and the virus was concentrated by centrifugation at 120000 g for 2 h. The pellet was resuspended in a small volume of 10 mM-tris-HCl pH 7.4, 0.1 M-NaCI, and the centrifugation in sucrose gradient was repeated.
Electron microscopy. The 67j25D-G cells were washed off the glass and centrifuged at 1000 g for 5 to 7 rain. The pellets were fixed first in a 2.5% glutaraldehyde solution for 1.5 h and then in 1% OsO 4 in a phosphate buffer for 1 h, dehydrated and embedded in Araldite. Sections were cut on a LKB 48 000 Ultrotome, stained with 15 % uranyl acetate in methanol and with lead citrate. Purified virus suspensions were negatively stained with 2% phosphotungstate pH 6.5. The size of the virions was determined by measuring a sufficient number of particles in a preparation produced by freeze,trying in a BAF-301 apparatus (Balzers). This technique maintains the shape of the virions although it may somewhat reduce them in size (Nermut, 1973) . The preparations were studied in a JEM-100B electron microscope at known magnification.
Analysis of nucleic acids and proteins by eleetrophoresis.
The method of Barnes (1977) for rapid detection of viral nucleic acids was used. Aliquots from fractions of the sucrose gradient were incubated for 10 min at 60 °C in the presence of 2% (w/v) SDS. After adding Ficoll (to a concentration of 5%) and bromophenol blue, they were placed on a gel containing 1.5% agarose (Sigma). Electrophoresis was carried out in a buffer containing 36 mM-tris-HCl, 30 mM-NaH2PO4, 1 mM-EDTA pH 7.9. Purified nucleic acids were analysed in a 5% polyacrylamide gel (Sharpe et al., 1978) . After electrophoresis, the gels were stained with ethidium bromide at a concentration of 50 Ftg/ml for 15 min, washed with distilled water and u.v.-photographed on Micrat-300 film through an orange light filter.
To measure the distribution of radioactivity, the gels were cut into 1 ram-thick discs after electrophoresis. The discs were placed in scintillation flasks. A 0.2 ml amount of 99-7% formic acid was added to each flask to dissolve the gel and 30 min later 4 ml scintillation fluid was added (50 g PPO, 0.3 g POPOP, 650 ml toluene and 350 ml Triton X-100). The radioactivity in the flasks was measured by a liquid scintillation Mark-II counter (Nuclear Chicago).
The polyacrylamide gel electrophoresis of polypeptides was carried out according to Laemmli (1970) in a tris-glycine buffer with 0.1% SDS using a 3.5 % concentrating gel and a 9 % resolving gel.
Drosophila stock. Oregon RC wild-type D. rnelanogaster stock was used for the analysis of the nucleic acids from several fly tissues and embryos.
RESULTS

Virus-like structures in D. melanogaster cell culture
Electron microscopy of ultrathin sections of D. rnelanogaster cultured cells revealed virus-like particles of two types. Those of the first type (I) found in cell nuclei both individually and forming crystal-like structures, were round-shaped, 42 to 44 nm in diam. and consisted of an electron-dense outer zone and a clear inner zone (Fig. la) . Apart from the virus-like particles of the first kind, stacked 18 nm-thick 'leaflets, (1) of different sizes were found in cell nuclei (Fig. la) . Virusqike particles of the second type (II) were found in the cytoplasm individually and in crystal-like structures. These were round or hexagonal in shape, 60 to 65 nm in diam. and consisted of an electron-dense core 30 nm in diam. and an electron-dense outer zone, clearer than the core and separated from it by a narrow intermediate zone (Fig.  la, b) . Judged by their morphological characteristics and some features of their morphogenesis, the virus-like particles of the second type may be presumed to have some similarity to a representative of the Reoviridae family (Ramig & Fields, 1977) ,
Double-stranded (ds)RNAs in D. melanogaster cells
If the particles observed in large numbers in cell sections are indeed viruses, their specific virus nucleic acids might be detectable by electrophoresis. Electrophoresis of nucleic acids from Drosophila cell line 67j25D-G yielded a number of bands (Fig. 2 a) .
The nucleic acids at the origin and in the first band were DNA because these fractions incorporated 3H-thymidine after labelling cells and DNase treatment of nucleic acids caused their disappearance. All the other bands incorporated 3H-uridine. However, RNase at a concentration of 20 gg/ml in 0-3 M-NaC1 caused the disappearance of the 19S and 26S bands, corresponding to ribosomal (r)RNA, while the nucleic acids of all the other bands were not destroyed. This suggested that RNase-resistant bands consisted of dsRNA molecules. All the dsRNAs studied showed a higher electrophoretic mobility than the replicative form of encephalomyocarditis virus ]dsRNA with a mol. wt. of 5.4 × l06 (Agol et al., 1972) ].
The same group of bands of dsRNA was found in all other D. melanogaster cell cultures studied, namely 67j25D-P, G2 (Fig. 2b, c respectively) and 67j25D. The distribution and intensities of the group of bands of dsRNAs are similar in different lines, although in the lines 67j25D-P and G2 some additional low-intensity bands, which are absent in the line 67j25D-G, can be seen. The line 67j25D-G was used for further work. Actinomycin D at a concentration of 5 /~g/ml was found to decrease 100-fold the incorporation of 3H-uridine into r R N A and only 10-fold into dsRNA. This result shows that D N A is not the template for the synthesis of the dsRNAs. In controls after 15 h incubation with 3H-uridine, the amount of label in dsRNAs amounted to 20% of that in rRNAs. Pulse-chase experiments showed the d s R N A to be stable for several days. The dsRNAs were IP: 54.70.40.11
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Reovirus-like agent in D r o s o p h i l a cells (a) (b) (c) (d)
Isolation of virus particles
Particles containing a set of segments of dsRNA were isolated and purified by centrifugation techniques as described in Methods. The nucleic acid composition in the various fractions of the sucrose gradient was established by electrophoresis. The distribution of nucleic acids among fractions after the first isolation stage is shown in Fig. 3 (a) . The fractions close to the meniscus contained rRNA. Disappearance of the 26S r R N A may have resulted from the destruction of Drosophila 26S r R N A molecules into two 19S molecules by heating (Lengyel et al., 1975 : McKenzie et al., 1975 . Fractions 10 to 14 (Fig. 3a) show an increase in the number of d s R N A molecules of all sizes. The sedimentation coefficient of the particles in these fractions is several times higher than that of Drosophila ribosomes.
Particles from fractions 10 to 14 were concentrated and repeatedly centrifuged through the sucrose gradient. The dsRNAs were detected in fractions 9 to 12 (Fig. 3 b) . There was some material at the bottom of the gradient which was probably aggregating particles. A minor peak with a higher sedimentation coefficient (Fig. 3 b, fractions 16 to 17) revealed slightly damaged virus particles when examined in the electron microscope. The particles concentrated after the second sucrose gradient centrifugation were used for further work.
Characterization of the virus particles
To obtain information on the shape and structure of the particles, the preparation was negatively stained and examined in the electron microscope (Fig, lb) . The particles were spherical with a distinct outer coat and a diam. of 68 nm.
After electrophoresis, the nucleic acid extracted from the virus particles showed 9 bands (Fig. 2 d) corresponding to those in cells (Fig. 2 a) . Densitometric tracing showed equimolar (Metakovskii et al., 1975) including a 120000 mol. wt. polypeptide and bovine serum albumin (67000), ovalbumin (45 000). chymotrypsinogen (25 000) and myoglobin (17 800) were used as markers. Electrophoresis was from top to bottom. The gel was stained with Coomassie blue.
quantities of the dsRNAs in the bands, with the exception of one containing twice as many dsRNA molecules (Fig. 4) . This suggests that the particles contain 10 segments of dsRNA. The polypeptide composition of the virus preparation showed five intense bands (Fig. 5) . A cell extract was examined on an adjacent track for comparison. Cell polypeptides with known tool. wt. (Metakovskii et al., 1975) and standard proteins were used as markers for determining the mol. wt. of viral polypeptides by their electrophoretic mobility. The viral polypeptides are estimated to have the following tool. wt.: 30, 40, 70, 100 and 120 (all × 10s).
DISCUSSION
Our results show that there are spherical particles, 68 nm in diam., in established cell cultures of D. melanogaster. These particles contain high mol. wt. dsRNA represented by a set of 10 segments. At least five polypeptides were detected in the virion proteins. We did not assay the infectivity of these particles which were able to demonstrate most rigorously their viral nature. The particles may be identified as viruses by their characteristic biochemical and morphological properties: the type of RNA, the structure, the large amounts present in a cell and the fact that their RNA is long-lived and is not synthesized on a DNA template. The properties of these particles are similar to those of the Reouiridae family (Ramig & Fields, 1977) .
The results of the experiment with actinomycin D are in good agreement with the available data on the effect of actinomycin upon the synthesis of reovirus dsRNA (Shatkin, 1965) . The 14S RNA synthesized in the presence of actinomycin D by Schneider's line 2 cells (Lengyel et al., 1975) coincides in S value with reovirus RNAs. It is probably also of reoviral origin.
According to Teninges et al. (1979b) , reovirus-type particles persistently infect several independently isolated Drosophila cell lines. The virus which we have isolated is morphologically similar to Drosophila K virus (DKV) and both contain dsRNA. Further analysis of both viruses and a comparative serotypic study are required to know whether or not the virus we have isolated is identical to DKV.
The virus isolated by us corresponds to the second type of particle found in the cell cytoplasm. The nature of the nuclear virus-like structures is not clear. They might be the result of an incorrect assembly of the components of the cytoplasmic viruses.
It is not yet clear whether Drosophila is a natural host of the virus isolated. A reovirus like agent has been detected in Drosophila previously (Plus et al., 1975b )~ however, the virus might have got into the culture through the serum since commercial sera are known to contain virus-like particles, particularly DXV (Plus, 1978) .
It should be noted that Kulguskin and co-workers (Institute of Biology, U.S.S.R. Academy of Sciences, Moscow), working independently, have also detected a considerable amount of dsRNA in cultured D. melanogaster cell line 67j25D-G (V. V. Kulguskin et al., personal communication) and that after this paper was submitted for publication a similar endogenous reovirus-like agent in a D. melanogaster cell line was reported by Haars et aI. (1980) .
